NC7 is a small protein associated with the viral RNA genome within the viral core, and includes two zinc finger domains separated by a seven amino-acid linker region. 10 We have lysed purified, concentrated virus and have assessed the effects of mutations in NC7 on reverse transcription using an endogenous assay. We found that mutations in the zinc fingers of NC7 caused a profound decrease in levels of (−)ssDNA synthesis, whereas those in the linker region between the zinc fingers had less effect. However, mutations in the zinc fingers resulted in a higher proportion of (−)ssDNA being extended to template switched product than that associated with wildtype (wt) virus.
Plasmids encoding various NC7 mutants ( Figure 1 ) were used in transfections of COS-7 cells with lipofectamine reagent according to the manufacturer's instructions (Life Technologies, Gaithersburg, MD, USA). Cells were maintained at 37°C in DMEM supplemented with 10% fetal calf serum (Bio-Whittaker, Walkersville, MD, USA), 2 mM L-glutamine, 100 U/ml penicillin G and 100 g/ml of streptomycin. Supernatants were harvested at 63 h post-transfection, and were clarified in a Beckman GS-6R centrifuge at 3000 r.p.m. for 30 min at 4°C. Viruses were concentrated by centrifugation of clarified supernatant fluids through a 20% sucrose cushion in a SW41 rotor at 40 000 r.p.m. for 1 h at 4°C. Pellets were resuspended in 1 × TN buffer (50 mM Tris HCl, pH 7.5, 10 mM
Figure 1
Amino acid sequence of wild-type (NL4.3) and mutant nucleocapsid constructs.
NaCl) and were quantified by viral p24 assay. To digest any potentially contaminating plasmid DNA, viruses were incubated with micrococcal nuclease (Pharmacia) for 20 min at 37°C.
To assess endogenous reverse transcription in virus particles, viruses corresponding to 30 ng p24 were lysed in 50 mM Tris HCl, pH 7.5, 60 mM KCl, 5 mM MgCl 2 , 10 mM dithiothreitol, 0.05% NP-40, and 2 mM EGTA to inactivate micrococcal nuclease. Samples were incubated in the presence or absence of 0.4 mM dNTPs to distinguish between endogenous and pre-existing reverse transcription products respectively. After 6 h at 37°C, samples were phenol-chloroform extracted and reaction products were stored at −20°C.
Reverse transcription products were detected using ␥-32 Plabelled primerse specific for (−)ssDNA and the first template switch (TS).
11 Amplification products were 155 bp ((−)ssDNA) and 532 bp (TS), and were detected after 26 cycles of the following: 94°C for 1 min, 58°C for 1 min, 72°C for 1 min. PCR products were run on 5% polyacrylamide gels which were dried and exposed to X-Omat film (Kodak, NY, USA). Amplification signals were quantified by molecular imaging (BioRad, Mississauga, ON, Canada), and data was analyzed and graphed with Microsoft Excel 4.0. Figure 2 shows PCR amplification of (−)ssDNA in the viruses studied in the presence and absence of added dNTPs. In the absence of exogenously added dNTPs, the signal represents background, and/or plasmid DNA incorporated into virions, while signal in the presence of added dNTPs represents endogenous viral RT activity (Figure 3 ). PCR amplification of template switched products revealed a band of 532 bp (not shown), quantitation of which is included in Figure 3 .
As expected, transfection of COS-7 cells with wt NL4.3 DNA yielded viruses with the highest relative level of endogenous (−)ssDNA synthesis, ie seven-fold more than detected in the absence of added dNTPs. In contrast, viruses containing mutations in NC7 had reduced levels of (−)ssDNA PCR amplification of (−)ssDNA in wild-type NL4.3 and nucleocapsid mutants.
Figure 3
Relative synthesis of (−)ssDNA (filled bars) and TS products (open bars). synthesis, with most showing little or no change from background levels obtained in the absence of added dNTPs. Exceptions were mutated in the linker but not zinc finger regions of NC7, ie A30P and R32G that produced 2.6-fold and 4.7-fold more (−)ssDNA, respectively, in the presence than absence of added dNTPs.
Wt viruses produced 56% more endogenous TS product in the presence than absence of added dNTPs (Figure 3 ). Similar results with regard to synthesis of endogenous TS product were also found, with most of the mutant constructs (Figure 3) .
These results show that mutations in NC7 have a greater differential effect on the ability of HIV-1 to synthesize (−)ssDNA than TS products. Interestingly, two constructs mutated in the linker region, ie A30P and R32G had less of an effect on endogenous (−)ssDNA synthesis than did other constructs mutated in the same general area, ie S3(32-34) and P31L. The first three constructs are not defective for packaging of primer tRNA lys3 , while P31L is. 7 The mutated construct, ⌬K14-T50, that contains a deletion of both zinc finger motifs as well as of the linker region, was relatively unable to participate in endogenous synthesis of (−)ssDNA; this mutation is also associated with defective incorporation of tRNA lys3 . 7 TS products represent a later stage of reverse transcription than that of synthesis of (−)ssDNA. Wt virus was shown to endogenously synthesize relatively more (−)ssDNA than TS product, an expected result since the endogenous assay was performed for only 6 h and only a minority of the synthesized (−)ssDNA may undergo template switching. Although this should theoretically also be true of the mutated viruses, we found that they produced relatively higher levels of TS product in comparison with (−)ssDNA than wt virus. Interestingly, the R32G and S3(32-34) viruses produced slightly more TS product in the presence of DNTP than wt virus (2.2-fold and 1.9-fold, respectively) in these endogenous assays.
Another important factor with regard to the generation of reverse transcription products may be core structure. It has been shown that the mutated viruses studied contain much less viral genomic RNA than wt virus. 3, 12 We compared relative levels of reverse transcription products made in the presence and absence of added dNTPs, rather than focusing on the absolute levels of product made by each virus. Thus, any differences in the quantity or quality of genomic RNA in these various virus preparations have been controlled.
This preliminary study has shown that viruses mutated in NC7 yield relatively reduced levels of reverse transcribed (−)ssDNA in endogenous assays. We are now trying to quantify absolute differences in synthesis of (−)ssDNA and TS products, and to determine whether drugs that interact with the viral NC7 will similarly antagonize RT activity.
